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1 Department of Mathematics, University of Minho, Guimarães, Portugal
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E-mail for correspondence: mneves@math.uminho.pt
Abstract: Surface water quality monitoring has as its main objective the charac-
terization of water resources as well as the monitoring of its space-time evolution
in order to achieve an appropriate administration. Dissolved oxygen (DO) is an
important indicator for the estimation of the water quality index, and the lack of
this quality variable may cause significant environmental issues. The aim of this
contribution is to propose a geostatistical model that can used to characterize
and assess water quality behaviour/evolution based on a rather extended data
relative to the River Douro Basin (in Portugal) that consists mainly of monthly
measurements of dissolved oxygen concentration in a network of water quality
along this basin. The monthly data set reports to the period between March 2002
and February 2013.
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1 Introduction
The degradation of water resources due to pollution from anthropogenic
activities (van Dijk et al., 1994) is undeniable. There is a lack of normalized
methods, management plans and tools that forecast critical events in order
to preserve water quality. In a holistic way, a sequential modeling process
was developed to forecast the status of the river basin by stochastic dynamic
method (Cabecinha et al., 2009, Silva-Santos et al., 2008) and, in particular
to predict DO as a measure of water quality.
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2 Data Set
The National Information System on Water Resources (SNIRH) is respon-
sible for gathering several environmental variables, namely water quality
variables. The data has several variables, yet only the dissolved oxygen
(DO) variable is chosen owing to its continuity characteristics, its impor-
tance (since most aquatic fauna and flora need oxygen to survive) and its
localization in key points. This study focus on monthly measurements of
DO in 36 quality monitoring sites located along the main course of river
Douro in Portugal, from March 2002 to February 2013 (Figure 1).
FIGURE 1. The Douro river hydrological basin (left) and spatial distribution of
























































































FIGURE 2. Boxplot (left) and descriptive measures (right) of dissolved oxygen
(DO) by months during the observed period.
The Douro river source is located in the Spanish mountains of Urbión and
it flows into the Atlantic Ocean, alongside Oporto city, with 927 km (330
km in Portugal) of length and 97667 km2 of hydrological basin area. The
Douro river has a basin slope average of 9.40%, annual flow average of 903
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m3/s, annual temperature average of 13.50◦C and annual rainfall average of
908 mm. A preliminary analysis of data reveals a periodicity, seasonal and
spatial patterns. It is clear that DO behaviour depends on season (there is
a higher DO concentration in winter/spring than in fall/summer, Figure 2)
and on the localization (DO concentration in the countryside is lower than
at the seaside).
3 Methodology
The initial concept is a geostatistics analysis of space by applying the basic
concepts of Kriging and its techniques (Cressie, 1993). DO concentration
recorded over time shows that there is a seasonal pattern. This fact leads
to an approach that consists of the following: the observed DO concentra-
tion along the years were separated according to the twelve months. For
every month, the spatial continuity of DO concentration was examined to
evaluate the temporal component. This method is applied to a data set of
dissolved oxygen measurements collected in 36 different and independent
monitoring sites locates along the River Douro. No-transformation of DO
concentration data was also considered. The models of spatial continuity
were inferred from the monthly DO concentration. The empirical semivar-
iograms were obtained by using the method of moments, modified for a
random space-time process. For each month, the empirical semivariograms
were calculated as well as the number of data pairs that are needed to
estimate. For instance, only the results of applying the semivariogram cor-
responding to the month of January (of the 12 months of the year) are
presented, Figure 3. We estimate the values and the least squares adjust-










FIGURE 3. Plots of the experimental estimator and the fitted model (left) and
standards errors (right) for the spatial semivariogram.
This methodology could be further developed to better fulfill other applica-
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tions requirements, such as other water quality variables. Spatio-temporal
models have a potential to overtake the usual linear regression model in
terms of its ability to integrate the temporal dynamic intrinsic to the wa-
ter quality monitoring process. The results of applying to a real database
should be created and used to compare with previous studies results.
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